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PREFACE

The California Energy Commission Energy Research and Development Division supports
public interest energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy services and
products to the marketplace.

The Energy Research and Development Division conducts public interest research,
development, and demonstration (RD&D) projects to benefit California.

The Energy Research and Development Division strives to conduct the most promising public
interest energy research by partnering with RD&D entities, including individuals, businesses,
utilities, and public or private research institutions.

Energy Research and Development Division funding efforts are focused on the following
RD&D program areas:

e Buildings End-Use Energy Efficiency

e Energy Innovations Small Grants

e Energy-Related Environmental Research

e Energy Systems Integration

e Environmentally Preferred Advanced Generation

e Industrial/Agricultural/Water End-Use Energy Efficiency
e Renewable Energy Technologies

e Transportation

EnergylQ for Action-oriented Benchmarking of Non-residential Buildings is the final report for the
National Lab Buildings Energy Efficiency Research Projects (contract number 500-10-052, work
conducted by Lawrence Berkeley National Laboratory. The information from this project
contributes to the Energy Research and Development Division’s Buildings End-Use Energy
Efficiency Program.

For more information about the Energy Research and Development Division, please visit the
Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy
Commission at 916-327-1551.
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ABSTRACT

This report documents results from the third phase of developing the EnergylQ Action- oriented
benchmarking tool. EnergylQ has been very well received in the California marketplace, and
beyond. The tool now has almost 1,300 registered users, who have collectively entered 900
buildings representing 130 million square feet of floor area. The EnergylQ website had been
visited more than 46,000 times (a four-fold increase since the close of Phase II) by over 25,000
individuals, viewing more than 150,000 pages of information (Figure 4). While California was
the dominant source of traffic, visitors were also from the United States and 134 countries.

Technical accomplishments during this phase of work include:

1. Expanded functionality and user interface improvements: EnergylQ now allows for new
and more customized benchmarking techniques and more flexible peer group definitions.
The underlying methods and robustness of the benchmarking process is also improved.

2. Improved infrastructure: The entire system has been ported to the Amazon cloud,
resulting in higher reliability and lower hosting costs.

3. Licensed technology: The Application Program Interface (APIs) enabling third-party
software developers to incorporate the EnergylQ) methods in derivative user interfaces have
been improved.

4. Enhanced documentation: Improvements have been made to technical and tutorial
documentation for users of the EnergylQ user interface as well as for the API.

Highly effective and successful software and API services have been created and a large user
base established. At least one other California Energy Commission research project—the Small
and Medium Building Toolkit (PIR-12-031) —also relies on EnergylQ.

Keywords: EnergylQ, Action-oriented Benchmarking, Energy Use intensity, CEUS.

Please use the following citation for this report:

Mills, Evan. (Lawrence Berkeley National Laboratory). 2014. EnergylQ for Action-oriented
Benchmarking: Final Report. California Energy Commission. Publication number: CEC-
500-2015-017.
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EXECUTIVE SUMMARY

Introduction

Energy benchmarking is essential to the multi-faceted process of improving a building’s energy
efficiency. As practiced historically, benchmarking compares the energy intensity of a given
building to similar buildings. During the design process, benchmarking can inform the
establishment of efficiency targets based on how the best similar buildings perform.

Project Purpose

Traditional benchmarking techniques may reveal energy inefficiencies but provide no concrete
guidance on how to improve performance. With sponsorship from the California Energy
Commission, the Lawrence Berkeley National Laboratory is building and supporting the next
generation of energy benchmarking methods to address this problem. EnergylQ —the first
"action-oriented benchmarking tool for non-residential buildings” —bridges the gap by
providing a standardized assessment based on benchmarking results, along with decision-
support information to help set and refine action plans. The tool is available at
[http://EnergylQ.1bl.gov].

Action-oriented benchmarking with EnergylQ improves on simplified benchmarking processes.
EnergylQ benchmarks energy use, costs, and features for an array of building types and
provides a carbon-emissions calculation for the energy consumed in the building, an important
part of any businesses' overall "carbon footprint". The Energy IQ recommendations also help lay
the groundwork for investment-grade audits and professional engineering calculations.

In addition to a free public-facing user interface, EnergylQ provides a licensed web service and
Applied Program Interface (API) (Appendix A). Through the API, third-party tool developers
can tap the data and methods of EnergylQ to implement on their own web sites or embed in
energy management systems (Appendix B).

Project Results

The many functional enhancements made during this phase of the project were selected and
prioritized based on the original market research conducted during previous phases of this
project, as well as ongoing user feedback.

Interoperability: Users can now import their building data previously entered in the ENERGY
STAR Portfolio Manager directly into EnergylQ. This interoperability removes a large barrier for
those using Portfolio Manager to deepen their assessments by graduating to EnergylQ.

Improved peer-group definitions and filtering: New peer group choices are now available,
including comparisons against other users of EnergylQ or the users” own portfolios. The peer
group composition can now be further refined, e.g., filtered by hours of occupancy, efficiency
rating level or possession of an Energy Star rating, making peer group selections more relevant.

More metrics and features: New metrics allow for more informative benchmarking (e.g.,
energy use per employee or hotel bed rather than energy use per unit floor area). Added
building characteristics enable users to identify more relevant upgrade recommendations.



Extended recommendations: Recommendations for non-California buildings have been added
recognizing that those assessing California buildings whose responsibilities extend to buildings
in other states will not be inclined to use EnergylQ if it cannot be applied to their entire
portfolio.

Improved Usability and Documentation: Many refinements were made to the user interface,
and extensive documentation (including a User Guide and improved tooltips) was added. API
documentation was considerably improved to foster technology transfer.

Infrastructure: The entire system has been moved to a cloud-based platform significantly
improving performance and operating time (Appendix C).

A separate California Energy Commission project—the Small and Medium Building Efficiency
Toolkit—also integrates EnergylQ API for guiding users towards efficiency opportunities. This
integration is done by benchmarking a building against similar buildings as the first step in the
Small and Medium Building assessment.

Project Benefits

A diversity of companies and organizations have embraced and applied EnergylQ to actual
buildings across California and beyond. Almost 1,300 registered users have collectively entered
900 buildings representing 130 million square feet of floor area. The EnergylQ website had been
visited more than 46,000 times (a four-fold increase since the close of Phase II) by over 25,000
individuals, viewing more than 150,000 pages of information (Figure 3). While California was
the dominant source of traffic, visitors came from the US and 134 countries. Leading users
include:

* Property Owners: Alameda County, AT&T, Bank of America, Bloomberg, Cal EPA,
Cisco, City of Hope, Glendale Community College, Lockheed Martin, Marriott,
McDonalds, PwC, SDSU, Stanford Hospital, USC, Willis Tower

* Real Estate: CBRE, Cushman & Wakefield, Jones Lang LaSalle, Lutron, Time Equities
* Equipment Manufacturers: Honeywell, Johnson Controls, Philips, Siemens, Trane

* A&E firms: ARUP, CTG Energetics, EHDD, Heshong Mahone Group, Perkins+Will,
Schneider Electric, Skanska, Taylor Engineering

* Non-profits, program implementers, and research: Booz Allen Hamilton, EnerNOC,
Enovity, ICF International, Idaho National Laboratory, Lawrence Berkeley National
Laboratory, Lucid, ESource, Navigant Consulting, New Buildings Institute, PECI, Pacific
Northwest National Laboratory, Sandia National Lab, Stanford University, United States
Green Building Council

* Government: California Air Resources Board, City of San Mateo
 California Utilities: PG&E, SCE, SCG, SDG&E, SMUD

There have been 32 signups to the API portal, 42 additional inquiries, and five licenses issued.



CHAPTER 1:
Project Context and History

Energy benchmarking is essential to the multi-faceted process of improving the building’s
energy efficiency. It not only helps the parties responsible for a given building identify and
implement energy saving opportunities, but can also help to understand how the building’s
performance compares to similar buildings. During the design process, benchmarking can
inform the establishment of efficiency targets based on how the best similar buildings perform.

Benchmarking is increasingly important in the marketplace. As state and local governments
promulgate requirements for energy use disclosure, benchmarking is needed to give meaning to
this otherwise “raw” data. Market transactions such as real estate appraisals and sales, green
insurance underwriting (Mills 2012), and energy audits all benefit from some form of
benchmarking.

In isolation, traditional energy benchmarking does not provide practical guidance on how to
improve energy efficiency. With sponsorship from the California Energy Commission (Energy
Commission), Lawrence Berkeley National Laboratory (LBNL) is building the next generation
of energy benchmarking methods to address this problem. EnergylQ—the first "action-oriented"
benchmarking tool for non-residential buildings—bridges this gap by providing a standardized
opportunity assessment based on benchmarking results, along with decision-support
information to help refine action plans. The tool is available at [http://EnergylQ.lbl.gov].

Action-oriented benchmarking improves on simplified benchmarking processes by providing a
low-effort bridge between limited whole-building benchmarks and investment-grade audits
and professional engineering calculations (Figure 1). Whole-building benchmarks provide
general context, but do not illuminate which end-uses or fuels may be particularly fertile
candidates for intervention. At the other end of the spectrum, investment-grade audits are
highly costly and many building owners will not make that expenditure decision with only
whole-building benchmark results in hand.



Figure 1: Role of action-oriented benchmarking relative to whole building benchmarking and
investment-grade energy audits
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The Energy Commission’s Public Interest Energy Research Program originally conceived the
EnergylQ project, and sponsored subsequent development of the tool. California legislation
calling for non-residential building energy use disclosure (AB1103)! was a strong driver for the
original project, and the Energy Commission’s perspective has been that while ENERGY STAR
is the statutory "compliance" pathway, building owners should be encouraged to extend their
analysis beyond the minimum requirements by using EnergylQ. In conjunction with this, the
Energy Commission’s planned “AB1103 Portal” will provide links to both EnergylQ and the
statutory tool. EnergylQ has been tailored to allow automated importing of user data from
Portfolio Manager for just this reason. Similarly, utility-bill disclosure requirements under
AB5312 remove a barrier to benchmarking using systems like EnergylQ.

1 Government Code sections 11346.9(a). AB 1103 (Stats. 2007, ch. 533, §2), codified in pertinent part in
Public Resources Code, section 25402.10, requires owners of nonresidential buildings to disclose to
prospective buyers, lessees, and lenders the previous twelve months of the building’s energy use in
advance of the sale of the building, or the leasing or financing of the entire building, and to "benchmark”
that data by providing a comparison of the building’s energy use to that of other similar buildings.

2 An act to amend Section 25402.10 of the Public Resources Code, relating to energy. Existing law requires
an owner or operator, on and after January 1, 2010, to disclose the United States Environmental
Protection Agency’s ENERGY STAR Portfolio Manager benchmarking data and rating to a prospective
buyer, lessee of the entire building, or lender that would finance the entire building. The bill instead
would require the owner or operator to disclose the benchmarking data and rating to a prospective
buyer, lessee of the entire building, or lender that would finance the entire building based on a schedule
of compliance established by the State Energy Resources Conservation and Development Commission.

10



EnergylQ represents a major advancement beyond LBNL’s widely used Cal-Arch (which it has
replaced), providing a deeper level of analysis compared to more generalized whole-buildings
tools such as the ENERGY STAR Portfolio Manager.

In developing EnergylQ, LBNL surveyed potential users representing half a billion square feet
of building floor area. LBNL also incorporated best practices recommended for energy
benchmarking and tool design published by the American Society of Heating, Refrigerating,
and Air-conditioning Engineers (ASHRAE).

Development of EnergylQ has proceeded under three phases of work. In Phase I, a conceptual
design was developed, grounded in extensive focus groups and other methods of assessing the
needs of target audiences. An initial web implementation was deployed with simplified
functionality.

Phase II gathered feedback on the initial deployment and, based on the feedback, the site was
modified to better serve user needs (Mills and Mathew 2012). The tool was not actively
promoted, pending user testing and subsequent refinements. Major additional technical
features were added in tandem with substantial investment in improving the usability and
graphic design of the tool.

This report describes Phase III where additional key features were developed and the tool was
formally launched. The APIs were released, allowing third-party developers to incorporate the
analytics in other tools (Appendices A and B). The system was moved to a cloud-based
infrastructure, allowing for high reliability and dynamic scalability to accommodate changes in
user load (Appendix C).

A number of individuals and organizations have contributed to the development of EnergylQ.
The team includes technical staff from LBNL and elsewhere, as well as specialists in the design
and usability of compelling web-based information tools:

¢ Evan Mills — Project lead — LBNL

Paul Mathew — Analysis and Co-Leader — LBNL

* Andrea Mercado — Development Support, Testing, Customer Care — LBNL
¢ Bob Ramirez —iTron — Energy upgrade simulations

¢ William Bordass Associates and the Usable Buildings Trust — Advisors

¢ Chris Ralph & Robert Garcia — Programming and infrastructure — Bighead Technology
(originally LBNL IT department)

¢ Kath Straub — Usability and information design — Usability.org
¢ Karen Fojas Lee — Visual design — Nomad Chique

¢ uTest — Acceptance testing

11



CHAPTER 2:
EnergylQ

2.1 Walkthrough

EnergylQ benchmarks energy use, costs, and features for an array of building types and
provides a carbon-emissions calculation for the energy consumed in the building, an important
part of a building’s overall "carbon footprint". The additional action-oriented benchmarking
recommendations fundamentally improve on simplified benchmarking processes and help lay
the groundwork for investment-grade audits and professional engineering calculations. The
concepts and prototype implementation of EnergylQ were documented in Phase 1 via two peer-
reviewed publications (Mills et al., 2008; Mathew et al., 2008).

Figure provides a walkthrough of the main functionality and presentation of results. Figure 3
provides an illustration of application to the CEC headquarters. A variety of databases are
incorporated within EnergylQ from which users can specify peer groups for comparison. Using
the tool, this data can be browsed visually and used as a backdrop against which to view a
variety of energy benchmarking metrics for the user’s own building. Users can save their project
information and return at a later date to continue their exploration. The original database is the
California Commercial End-Use Survey (CEUS), which provides details on energy use and
characteristics for about 2800 buildings and 62 building types. CEUS is the most thorough
survey of its kind ever conducted. National data from the Commercial Buildings Energy
Consumption Survey (CBECS) were subsequently incorporated, allowing benchmarking across
the country. As a service to users, users can import their building data from Environmental
Protection Agency's Portfolio Manager.

The choice of metrics can strongly influence benchmarking findings. For example, energy use
per seat versus per square foot in a restaurant may yield very different qualitative conclusions
about efficiencies. With this in mind, EnergylQ offers a wide array of easily selectable
benchmark metrics, with visual as well as tabular display. These include energy, costs,
greenhouse-gas emissions, and a large variety of physical characteristics (e.g., building
components or operational strategies). The tool supports cross-sectional benchmarking for
comparing the user's building to its peers at one point in time, as well as longitudinal
benchmarking for tracking the performance of an individual building or enterprise portfolio
over time.

Based on user inputs, the tool’s “Act” module generates a list of opportunities and
recommended actions, providing a range of savings for approximately 130 measures achieved
by large-scale parametric analysis of similarly filtered CEUS buildings.? Measures focus on
energy as distinct from load management or demand-response. Users can then explore various
decision-support links for helpful information on how to refine action plans, create design-

3 Inputs and outputs are described here https://sites.google.com/a/lbl.gov/energyiq/
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intent documentation, and implement improvements. This includes information on best

practices, links to other energy analysis tools, and more.
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Figure 3. Illustration for the California Energy Commission headquarters.
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CHAPTER 3:
Accomplishments in Phase lll

During this project phase, an array of user-oriented improvements to EnergylQ* were
implemented. The LBNL team selected and prioritized the improvements based on the original
market research conducted for this project, as well as ongoing user feedback.

Interoperability with other tools

Users can now import building data that they have previously entered into the ENERGY
STAR Portfolio Manager. Users requested this key feature, which, by eliminating the
inefficiency of double entry, removes a significant barrier to prospective users of EnergylQ
who have already entered their data into Portfolio Manager.

Improved and more flexible peer group definitions

Users can now benchmark their buildings against other users of EnergylQ (previously, peer
groups could only be drawn from the CEUS and CBECS databases).

Users can now benchmark a single building exclusively against their own portfolio of
buildings.

Users can now associate their building with a larger number of buildings “features”, which
facilitates more accurate peer-group definitions.

The peer group definition selection process is now much easier (including new slider bars
for key inputs), allowing users to specify custom ranges (e.g., vintage bands) rather than
pre-set bins.

Users can now filter their peer groups by hours of occupancy for the California peer-group
data set and occupancy and building ownership (private v government) for the US peer-
group datasets (previously only size, vintage, and location). For benchmarking against other
EnergylQ users, additional filtering options include type of building certification (e.g.
Energy Star, LEED, etc.) and whether a building exists or is in the design stage.

Improved benchmarking metrics and feature definitions

A significantly expanded set of normalization options (new metrics) has been added to the
tool. Initially, the only available metrics were energy (or carbon or cost) per square foot.
Now users can also benchmark these quantities per employee for any building type, per
seating for food service, per student for schools, per patient beds for hospitals, and per guest
room for lodging building types.

Added feature specifications allow for the identification of more relevant upgrade
recommendations.

4 A full list of updates is maintained at this web address: https://sites.google.com/a/Ibl.gov/energyiq/re
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More widely applicable recommendations

o Recommendations are now provided (in the “Act” tab) for buildings outside of
California. While the Energy Commission’s focus is on California, users often own or
manage building portfolios spanning multiple states and won’t invest their efforts in a
tool like EnergylQ unless it functions beyond the state’s borders. One limitation of this
new feature is that the non-California recommendations are just qualitative (a list of
likely good measures); quantitative savings information is not included because the
existing CEUS-based methodology is only appropriate for buildings located in
California.

Improved user experience and documentation

. A significant number of improvements have been made to the user interface. These
include creation of an on-line User Guide, as well as improved context-sensitive
tooltips.>

. A downloadable input form is now offered, which makes it easier for users to assemble

data before starting their web session.

. TheAPIs have been expanded to enable third-party software developers to incorporate
the EnergylQ methods in derivative user interfaces (Appendices A and B).6

. Documentation has been enhanced, both for users of the EnergylQ user interface as well
as for the API.
. Quality assurance was emphasized throughout development, which included third-

party testing by uTest.com
Infrastructure and data enhancements

. The entire system has been moved to a cloud-based platform (using the Amazon Web
Service, AWS), significantly improving performance and up-time.

. Source energy conversion factors have been updated.”
Communications & technology transfer

d EnergylQ enjoyed some coverage in the trade press, which contributed to growth of
traffic to the website (ACHRN 2013; Buildings Magazine 2013; EETD News 2013;
ElectricityPolicy.com 2013; GreenBiz.com 2013).

5 See htps://sites.google.com/a/Ibl.gov/energyiq/
6 See https://developers.buildingsapi.lbl.gov/eig/eiq-home

7 See https://sites.google.com/a/Ibl.gov/energyiq/methodology/conversion-factors
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A separate Energy Commission project—the Small and Medium Building (SMB)
Efficiency Toolkit—now uses EnergylQ for guiding users towards efficiency
opportunities.

The APIs were made available for third-party licensing.
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CHAPTER 4:
Market Impact

4.1 Usage of the Tool

As of August 2014, the EnergylQ website had been visited more than 46,000 times (a four-fold
increase since the close of Phase II) by over 25,000 individuals, viewing more than 150,000 pages
of information (Figure 4a-b). While California was the dominant source of traffic, visitors came
from across the US and from 134 other countries.

Figure 4a-b: The EnergylQ Website Traffic

Web Traffic m nthly
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All visitors can use EnergylQ to examine the peer-group data, applying filtering and

visualization conventions of their choosing. Users who wish to compare their own buildings to
the peer groups must register and open a no-cost account. As of August 2014, almost 1,300 users
had registered. These users had entered 900 buildings, representing 130 million square feet of
floor area. Figures 5a-b illustrate some key characteristics (vintage and floor area) of users’
buildings.

Figure 5a-b: EnergylQ users represent a range of building types and characteristics

tion

DDUH il

Among the leading users of EnergylQ are:

Property Owners: Alameda County, AT&T, Bank of America, Bloomberg, Cal EPA,
Cisco, City of Hope, Glendale Community College, Lockheed Martin, Marriott,
McDonalds, PwC, SDSU, Stanford Hospital, USC, Willis Tower

Real Estate: CBRE, Cushman & Wakefield, Jones Lang LaSalle, Lutron, Time Equities

Equipment Manufacturers: Honeywell, Johnson Controls, Philips, Siemens, Trane

A&E firms: ARUP, CTG Energetics, EHDD, Heshong Mahone Group, Perkins+Will,
Schneider Electric, Skanska, Taylor Engineering

Non-profits, program implementers, and research: Booz Allen Hamilton, EnerNOC,
Enovity, ICF International, Idaho National Laboratory, Lawrence Berkeley National
Laboratory, Lucid, ESource, Navigant Consulting, New Buildings Institute, PECI, Pacific
Northwest National Laboratory, Sandia National Lab, Stanford University, United States
Green Building Council

Government: California Air Resources Board, City of San Mateo

California Utilities: PG&E, SCE, SCG, SDG&E, SMUD
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4.2 Interestin the APIs

As of August 2014 there had been 32 signups to the API portal, and 42 additional inquiries. Five
licenses have been issued. The remaining parties should be pursued if subsequent phases of
work are approved.
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CHAPTER 5:
The Future of EnergylQ

5.1 Recurring Supporting and Maintenance Needs

Unlike ordinary technology development or the preparation of written reports, software
projects bear ongoing costs even without adding new features. For EnergylQ, these expenses
include core administration, user support, updates as new data become available, and
unexpected requirements to adapt to third-party APIs upon which the software depends.

Core administrative costs include monthly fees that must be paid for web hosting and server

administration in the highly reliable but sometimes complicated cloud-based hosting system.
As new versions of software browsers are released, websites invariably have to adapt so as to
remain functional. Lastly, as with any software product, bugs are periodically identified and

must be addressed.

There are two types of users (1) users of the EnergylQ .1bl.gov website, and (2) users of the APIs.
APl users are particularly sophisticated and demanding as they are also software developers
and often have highly technical and time-sensitive needs. While current use of the APl is
minimal, lack of the ability to support new users undermines the underlying technology
transfer premise of the project. Certain data become outdated (e.g. energy prices) and need to be
kept current. They underlying CEUS data will also become outdated if and when the Energy
Commission updates that survey.

Interoperability with EPA’s Portfolio Manager provides substantial value to EnergylQ users
(greatly reducing the cost of entering building data), but EPA unpredictably updates their API
in ways that impose significant adaptation costs on its users, including LBNL. The project is
currently confronted with such an update, and LBNL anticipates more such changes in the near
future, which in lieu of resources to adapt will necessitate the discontinuation of the Portfolio
Manager interoperability.

5.2 Future Development Opportunities

While EnergylQ is fully functional, many opportunities have been identified by users and other
parties for improvement. Examples include:
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Functionality

¢ Incorporating three of the latest features into the API so that third-party software
developers can easily employ them.

¢ Creation of a user group / social network so that users can exchange experiences and ideas.

* Expand peer groups by incorporating data from other Energy Commission/LBNL
benchmarking projects into EIQ. A key under-represented group is data centers.

¢ Add more contemporary data visualizations.
* Incorporate exemplary buildings as reference points on benchmark charts.
¢ Implement “Green Button” to greatly facilitate user data entry.

¢ User-determined inclusion of selected buildings in Portfolio; groupings of buildings, using
“tagging” method.

¢ Facilitate analysis and messaging of zero-net buildings.

¢ Further tasks in support of Energy Commission programs and policy objectives (e.g., related
to AB 1103 and AB 758)

Infrastructure

¢ Recode system in PHP for easier debugging and future development. PHP is a popular
general-purpose scripting language that is especially suited to web development.

¢ Eliminate “stored procedures” in current database. This greatly complicates development.
¢ Shift from Oracle database to MySQL for improved performance and lower hosting costs
* Enable EnergylQ to utilize its own APIs (Graphical User Interface is currently “hard coded”)

Ongoing outreach is needed to grow the user base and make potential licensees of the APIs
aware of the offering.

5.3 Technology transfer and commercialization

The underlying EnergylQ technology is comprised of algorithms for computing meaningful
building energy metrics, data-visualization rules, an Internet platform for providing target-
audience access to the technology, and a web-based graphical user interface (GUI) for
presenting the information. An additional leg of the technology transfer strategy is to make our
energy engineering methods transparent, such that others can replicate them. This
documentation is organized in a publicly accessible wiki.®

8 https://sites.google.com/a/Ibl.gov/energyiq/
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Thus, technology transfer initially takes the form of EnergylQ being accessed by individuals
who influence energy decisions in non-residential buildings. As noted above, user uptake has
been significant. The site has been available at no charge to users.

EnergylQ has achieved commercialization, but not the traditional sense. Improving on the old
paradigm of stove-piped software development and transfer of code to a private-sector entity,
the “product” is an API that can be used by private software developers to develop novel user
interfaces around unique business models (Mills and Mathew 2012b). This “hybrid” strategy
allows the sponsor and developer (Energy Commission and LBNL) to host and maintain a user
interface that is consistent with policy and programmatic goals, without precluding variants
that serve other entities’ strategic goals.?

The advantages of the API approach are multifold:
¢ It speeds and simplifies syndication of models and databases, thus contributing to
innovation in the marketplace.

¢ Itradically lowers the cost of entry for private software developers.

¢ Developers can focus more on front-end development, allowing far more vibrant spin-off
scenarios, as the costs of market entry are vastly lowered.

¢ It facilitates more internal consistency in methodology and data across proliferation of tools.
¢ It ameliorates the sometimes contentious separation between “public” and “private” tools.

Moreover, in contrast to the full spinoff approach, with APIs the tool creators and funders
mitigate the risk of recipients going out of business or otherwise “mothballing” the code, which
is a long-standing problem for sponsors of energy software R&D.

Given the replication potential of this offering, technology transfer via APIs promises to reach
even more people than LBNL’s own GUI. There have thus far been 32 signups to the API portal,
and 42 additional inquiries. Five licenses have been issued (Appendix C). The California Air
Resources Board has already initiated using EnergylQ within its CoolCalifornia carbon footprint
tool and the API is being used to support an unrelated Energy Commission project seeking to
develop a tool for identifying upgrade opportunities in commercial buildings.

5.4 Sustainability Challenges in Maintaining the EnergylQ Service
for the Marketplace

An intrinsic dilemma in any public-goods software development project is the one-time
development investment juxtaposed against ongoing maintenance of the service and support of
long-term users. Software is a service more than a “product” in the static sense of the term, and
thus intrinsically requires a regular infusion of resources. At least one other Energy
Commission project also depends on EnergylQ.

9 https://developers.buildingsapi.lbl.gov/eig/eiq-home
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Developing and hosting of APIs has radically lowered the costs of market entry for software
developers seeking to offer energy benchmarking tools. While the APIs offer potential for third
parties to establish dominant web presences that could, in principal, make the Energy
Commission-hosted user interface obsolete, this has not yet occurred. Even were it to occur, the
underlying API requires maintenance.

Complete spin-off to the private sector does not appear compatible with Energy Commission
requirements because the underlying CEUS data are highly confidential and protected by
Energy Commission policy. The Energy Commission would not allow the delivery of that data
to third parties. Only LBNL, or another entity so empowered by the Energy Commission, can
maintain EnergylQ under these circumstances.

This project created a highly effective and successful software and API services; however, it
cannot be maintained without funding to continue providing ongoing support. LBNL desires to
maintain this service for the 1,300 current users and new users who join almost daily. Other
entities (e.g., U.S. Department of Energy as well as private-sector organizations) have been
approached but no one has yet signaled being prepared to assume stewardship of the service
from the Energy Commission.
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GLOSSARY

Term Definition

API Application Program Interface

CBECS Commercial Building Energy Consumption Survey
CEUS Commercial End Use Survey

Energy California Energy Commission

Commission

EPIC Electric Program Investment Charge

GUI Graphical User Interface

LBNL Lawrence Berkeley National Laboratory

RD&D Research Development and Deployment

Smart Grid Smart Grid is the thoughtful integration of intelligent technologies and

innovative services that produce a more efficient, sustainable, economic,
and secure electrical supply for California communities.
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APPENDIX A:
EIQ Final Report Figures

A-1



sjuawsaaul jeyded
YIm spijodyad 1oy AiessaoonN

sisAjeue jejoueuly ‘uonewryse
]S09 ‘uonenwis ‘uoI}ddjjod
ejep pajiejap saiinbay

saniunyioddo ayroads Joy
JS09 pue sbuines sajewsy

ypny ABiauzg
apel9-jusaW)saru|

¢l

\ X2 pue X9y wiojul u

bunjiewyosuag Abiouzg

bm_._:m.to-:o..uoc\\

2\

buibboj eyep

Jeuonippe aiinbai Aew ‘eyep
asn-pus pue sainjeaj wWajsAs
sosn :Aenueb aiop

suondo ubisap
40 saniunyioddo ayroads
sazpiiond pue saynpuap|

(seunjesy

buipjinqg uo uoeuriojul
lewnuiw ‘syjiq Aynn)
sjpuawaiinbau eyep jewnuip

Jenpuajod pue asuewiopiad
|IBJ9A0 10J S3I}I[19B) UdIIS

m:.cﬁmE:u:mm Aw;.m:m
Bupjing sjoym

| 2In0O



sad £y Surpring z9 jo
UoneuIqUIOD AU 3S00yD)
suonedYNID (9
uonedo[ (p
adejura (0
uonerado jo sioy (q
Bare 1007} (e
kg .

dnou3 4aad auieq
OVINHION3G

Py Ag (q
Suipymng sjoym (e
(spaq
1910y ‘saaAo|dwa ‘eaJe J0O|}
*8'9) syun uonezjjewJsou
pue ‘21w 9S00y
sa11sa0eIRYD
10 A3usud yuewyouag .
(suoneodo|
SN 43Y30 ‘eluioyijed)
1sulede yJewyouaq
03 uone|ndod asooy)

$34Nn31eaj 10 S2IBW XIid
UVINHONIEG

odky paisiun 1940

so0s0d
suoers 147 2910d |
B 01 Aiquiossy ¢

doys sowas 1990
(omny-uon) sedoys

10005 3pIL 1 jeUOREIN ()

Aysionun 10969190 O
2931100 O

1005 A1BpUOSSAIPPIN ()

1015 P00 940 (
auig Lonbry
as0jg souaan00 [

Jooupsaid 10 ounkeq
100HO8
e EeqEOPSN

foo0010 L19099 IBWS [
Speusedng
U015 004 [

w0k BusIN . ()
reudson )
FUVOHITVEH

fognor 0

BUOMNEUBINLRAELAVE ()

sowes aigeL )
201125 pooy AEroNIAPRRdS ()

f28 US| ssnoLasEw peuopUOD )

INvanvIS3Y [

xan3ssyonand B
BuBpoT 1090 (
osoy )
o O
LS

oNIa0T O

(]

suy BuuopegeiseuL
o seaunaraeon | o5 asnosaio poucnpucun owsoRVT [
» ¥z vIva
(o dwon) » 0 om0
” c ]
wnasean »

seeg any

1w duns u dous
e pasopuz i dous ()
SqniojesnoYaBI IR ()

Wowdofenaq AYOS (8
Soowag WowwaND R
s apoueinsul gy

BoVERURY

v C

A
200 @

v O

*sadA) Bup|ing JnoA 3oajes ‘uayL

TITEUIEIIET sounmiead g souow 0} yoed »

R0 BupIng <
smagbupng
w0«

abaup «

a1 -5 ‘o Koo
NOLLVH340 40 SHNOH
uogRdOPSIOH ~
ea/xoy <
‘uogeso)

Ppue ‘sogsuapoereyo ‘abeuia
‘suopesado ‘eare Jooy 109jeS

dnoug 1sad suyeq

s 0

OIkEIeu3

ana

aa

oNTINg-10HM,

()

SOUBIN -
saimeoy Y -io- ABisuz fa)
o190 A 1oseieq sos1) DUBIRUI ) 1osEIe0 $9360 0 N3O )
) 00 1sNivoy )
sevonze © e ol

ISE 1S OhIs0Iod 103 N UNG-UOPUIOH

; SHVHHONTE ()

4134 | 108V | NSO

1av DMtiouz

SUOISSIW UOGIED BNPaY

sepumyoddo Aouaioiye ABieue Aiguepl p

‘017 95N S109UIBUB PUE SIOBOIE

¢ OIABIauz s,Buip|ing anok sjeym

feuow sres

ONDRIVIHONSE AOHINE G3LNIRO-NOLLOY.

0_\@(_@5

(a)

(e)

O-Bz 2INL



dnoJ3-19ad parda|as-4asn
ay1 ul (019 ‘@dojanua
2eay ‘8unnysi|) saunlesy
40 sadAy jo Aduanbauy
91 JO UMOUYs sI sisAjeue
ue ‘syewyduaq ASiaua
JO pealsul ,sainl1esd,
8uisooyd usaym

00405 epeuy 1o [euoneao
‘10008 e PPN
‘foouos Kieew3 ‘foowpsaig
10 aseofeq ‘ysie

wesaid
uBno:g 664 ‘0664 UBnoIs 661 FOVINIA
15000034 - 40052 %9 000'5 -0 azs

pueul og

15800 oS 75800 UHON "allEn
122080 15900 [U80 =BIUIGYED  NOLLVOOT
(5n30) Auo o0 138 VIva

‘901003 PIS 05N parooles aney
ok S6uPING j0 50041 041 J0 %9'TL  AUVNIINS

uopeuuoyu dnosg seed

[Rpnp———

1unog Aq 3see BupuBr

ovaL

sonane au_ EE]

0 rwam weia g |

[Davons © ]

(u)

FovINIA

s

NoILY201
135 viva

Ravns

uopeusioju| dnoig 1994

-xas

%09

el B 215

sovar ol | eveonas € KRR oiBiu

sioowaorow (1Y

(8) =

uopewsoju) dnoig seeg [ £ won

Ene

SovINA
e

Nouvo1 orssosc[f] ovusros[T] ornoese[T ovuses(fl]
13sviva

rE—
s v b 2 1 0

(4A-5puam) ABsou3 o - BuuBr

| oovar ot | ewwonzs € At

100100600 oAU 096300 FdAL

wosaig
‘0661 WBno1A 616, FOVINIA

75

10D 15500 [eAURD ~BIGHIED NOLLVOOT
(5n30) Ao ewoye0 135 vva

eoomacion ()

sonane an_EE]

arxsos: ]

w % v o e o8 s vz

s

p—

(h-srupw) ABiou3 ais

[Savwons © T N

TR
omm
135 Vv & 2

[avaronze

(@)

@ 1008 | osam | 100507 oITe AUV

Suip|ing JnoA ppy .

(paJa3ua si eyep JeaA-i3nw Ji) jeuipnisuo] [

|eU0I133s-Ss0J) M)

"SM3IA SuBJEWYDUA] |eJaAdS SuOWEe 3S00YD) .

SLYVHD

U-pg aint



(Ajuo s3uipjinq
elulojijed) sgulp|inqg
dnoJ3-13ad ||e 40} s3nsad
uolle|NWIS UO paseq
‘umoys s3uines jo saduey

suoleuIquod
ainseaw+3p|q

%59 <= Bulp|ing Jasn

yoea Joj sapesddn ASusua
9|qedijdde Ajjennualod O€T

suollepusawiwoddy apeddn
LV

s9143s ,purpyreds,,
pue ,ydeid ja|nq,,
oy} uo S[re3dq .

pake[sip

9q ued sdrrpewr

jo aduer apm v
owi 1940 SS21801]
(paywads j1) s3981e)
spIemoy ssa1301]
s10ad sa yreunpuag

pieoqyseq synsay
vl

«XaN | 9T jo ST-T

S31ON

“sjqeoyidde 5| ainseew S i SUILLBIEP O} (q8L SBUIPIING AW) BUIPIING JnoK Joj SONSueIOEIEYD JelUT,
o)

6v/1T/60 %8} Aq Aysuaq Jamod Joopu| 8anpay Bunybn
V8/9E/S) %82 Aq Aysuaq Jemod Joopuj @onpay Bunybn
0/10/07 uogesu) adid (lE1su J81EM 10H B0INIB
10/10/00 . neinsu) adid [leisu 1EM 10H 901808
TEIETIVL »ed ¥aqiq %01 Aq Aysusq Jamod Joopu| aanpay Bunybn
8YIVEIOT Med veqiq %S} Aq Aysuaq semod Joopu @onpay Bunybn
Gupuad ) ) 8L/LS/EE Med ¥eqiiq %52 Aq Aisuaq Jamod Joopu| 2onpay Bunyb
€0/Z0/1'0-  Wed ¥eqiq 1eayaY Joliog SED O} JeayY W19 HIAUOD Bupear

woishs
EI/OUITLZ  HRAIRA ) o) guinjopusisuoD wol wAUD
9E/SL/S0  Wed Hequa 1959 JBlEM PRIINO [[2ISU]
10/00/00  Hed Haqia 193UE|g JoleaH Jolep SBeI0lS [letsul J91EM 10H 20108
6v/91/90  eoed ABiouz %01 Aq Auisuaq Jamog Joopul sonpay Bunybry
6v/1Z/60  eoedABieuz %S} Aq Aysuaq Jemod Joopuj @onpay Bunybn
Gupuad ] B 1'8/S€/SL  eoed ABieuz %52 Aq Aysuaq Jamod Joopu| 2onpay Bunybr
00/00/5'1- eoedABlu3  1eziwouoo3 Adeyiu3 o) 8peibdn Jo PPy 6uljo0D ‘uoneiausA
972/0%h /5L eoed ABieus %6 0) Aoueloyy3 Jejiog weels esealou| Bugeer
(21m%
SNLVLS 108 ;_mm%_.o,w@mmv ~ oNIgTIng NOLLOY 3snan3
ONITING-TT0HM
IVIIN3L0d

e

AJJ 1) suopoy

vy | wovores O I

Appoey inoA Joy oupw
Sy} 4o anjeA Juaung

e E e —

a8 L0k % L % 05 9If% Gz  dnau Jead

S S T

dnoub seed 0} aAjejas
Aroey anok jo enjea efuadiey

v

< swi |
0TO0Z 9002
——

(puay |eoucisly) sur yiedg

v.m
(mojeq ) usasb \
‘aAoqe JI pal) Aoey inok Joj
oujew s1y) 10j 8jusdsad jabie) —
(dnoJb Jaad 0) aAne(a) souswLouad JusLND) ydels ja|ing Av

Aypoey snoA soy oujew
Sy} JO 8njeA ajnjosqy

o - 120% 5 *00 120016 [eImeN
¢ z9'0¢ 28 eoueBi0 osiIoH
" ™ cois res s0e/d ABiiou3
” = oz oz e —
or'Ls os ‘ou] Yoauealy
s 000§
(57 s saa-snoissina G ybsealsod ) (3 ®oL-1s05) (3 bsiea-Aowana ) (& siuiopg s do1 )

) o we=ea NEETS

v ] v |omwons O BRI

(1)

-l 9In0O



L

=N

. mm = e ems —e

——

A1121132313 ¥pad

Lo0gJo)

al

———

TI=N

———— ———

3500 Abiau3

-y

nmo -

Adj|eA |esqud) + m

£T0Z-PIW JO S 3315Gam 0} SIONSIA anbiun QpO‘PT A
ease Joo|} 'Y "bs uonw gg Buguasaidal

adues azIs JSYOST-ST +

‘paysewyduaq sduip|ing pSg A
sJasn paiaysidal 006 A

- —

ﬁ TN S

d3RJUIN DB6T-6L6T +

T

R
SRRER R sannaeninunnninnne..
‘. e L
_” !
| - R
“ $6=N | ‘-:.—I_l:..-....:..........

G

sdnoub 1aad ajoudoiddo Ajanissaisboid buisn

PaJOWYIUIG UIYM SSDPI-UI-353q ay3 Buowop Ing

‘A1a51003 30 payooj uaym abpianp sy oyl Buippng v

& 5112w 1Yo

siauenbpeay 33) :9jdwex3

:ayo3dn 3ayiol

AOF I 1ES)|1Ws (1IN0 )

'
-

—

- —— g

-y

SO0 AJuo +°
O Al A

-

(hegsinian] Auoua a3y

—————
FORRRRARERINRRE IR danns

hoo -

s8uipjing eiuoye) jje 01 pasedwo)

¢ aInb



v10¢ €10¢ (41114 T10C 0T0¢ 600¢ 800¢

SHUSIA €10 e

SHSIA DNDIU (N e aaLne|jnwind dyjel] qoMm angejnwin)

000°0T

00002

000°0€

000°0v

000°0S

SHSIA

vioc €10¢ 10 T10C oto0c 600C 800¢C

—

00S

000T
00S‘T
0002
005C
000°€
00S‘E

susiA Alyiuoy

Ajyuow :dyjes) gap

g-ey ainb



&
$ &
O 3 &
o & & & &
? o o o < < $ <
A ) o o o o o Q
O O & & 2
voo voo »oo ¢oo ¢00v ’O\V—s o N anvv
$ $ $ ) $ S $ )
Ny Ny NS S S S N N
-0
- 09
- 00T
- 0ST
- 00¢
- 0S¢

uonnquisiqg ealy

juno)

uonnquisiq @28ejuiIn

g-eG ainb

0s

0ot

0sT

00¢

0S¢

juno)



